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Abstract
In this paper we show that since we have not observed quarks and gluons outside the hadron due
to the confinement of quarks and gluons inside the hadron, the boundary surface term in QCD is
at the finite distance which is at the surface of the finite size hadron. Since the boundary surface
is at the finite distance we find that the boundary surface term in QCD is non-zero irrespective of
the form of the r dependence of the gluon field Aˆaµ(t, r) and the r dependence of the quark field
ψˆi(t, r) where a = 1, ..., 8 and i = 1, 2, 3 are the color indices. We show that this is consistent with
the fact that the cluster decomposition property fails in QCD due to confinement.
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I. INTRODUCTION
Many conservation laws of the nature are derived from the first principle by using the
Noether’s theorem. For example, by using the Noether’s theorem, the energy conservation
law can be derived from the time translational invariance, the momentum conservation
law can be derived from the space translational invariance and the angular momentum
conservation law can be derived from the rotational invariance etc. The Noether’s theorem
is applied to both classical field theory and to the quantum field theory.
In deriving the conservation law from the Noether’s theorem one encounters the surface
term which is the spatial volume integration of the spatial coordinate derivative of a function,
say f(r). If this function f(r) vanishes at the boundary surface of this volume then the
surface term is zero which does not contribute to the conserved quantity derived from the
Noether’s theorem.
Consider for example the application of the Noether’s theorem under the time-space trans-
lational invariance in classical electrodynamics in the free space which gives the continuity
equation [1]
∂δT
δµ(x) = 0, T νδ(x) = F νµ(x)F δµ(x) +
1
4
gνδFµσ(x)F
µσ(x) (1)
where T µν(x) is the energy-momentum tensor density of the electromagnetic field. From eq.
(1) we find the Poynting’s theorem in free space
∂ǫ
∂t
= −~∇ · ~S, ǫ =
~E2(x) + ~B2(x)
2
, ~S = ~E(x)× ~B(x) (2)
where ~E(x) is the electric field and ~B(x) is the magnetic field. Integrating over the volume
∫
d3x of the physical system we find from eq. (2) that
dWEM
dt
= −
∫
d3x~∇ · [ ~E(x)× ~B(x)] = −
∮
dS nˆ · [ ~E(x)× ~B(x)] (3)
where nˆ is the unit normal to the surface S enclosing the volume V =
∫
d3x and WEM is the
energy of the electromagnetic field given by
WEM =
∫
d3x[
~E2(x) + ~B2(x)
2
]. (4)
If the surface term
∮
dS nˆ · [ ~E(x)× ~B(x)] is zero (non-zero) then the energy WEM of the
electromagnetic field in eq. (3) is conserved (not conserved). In the situations where the
1
electric field (and the magnetic field) falls as 1
r2
then the surface term
∮
dS nˆ · [ ~E(x)× ~B(x)]
is zero if the surface is at the infinite distance. However, if the surface is at finite distance
then the surface term
∮
dS nˆ · [ ~E(x) × ~B(x)] is non-zero irrespective of the form of the r
dependence of ~E(x)× ~B(x). Also if ~E(x)× ~B(x) does not fall faster than 1
r2
then the surface
term
∮
dS nˆ · [ ~E(x) × ~B(x)] is non-zero irrespective of whether the surface is at the finite
distance or the surface is at the infinite distance.
From eq. (3) we find
dWT
dt
= 0 (5)
where
WT =WEM +Wflux, Wflux =
∫
d4x~∇ · [ ~E(x)× ~B(x)]. (6)
In the
∫
d4x integration in eq. (6) the
∫
d3x integration is the definite integral and the
∫
dt
integration is the indefinite integral. From eq. (5) one finds that it is the total energy WT
which is conserved. From eq. (6) one finds that the total energy WT includes the energy
WEM of the electromagnetic field as given by eq. (4) plus the energy flux Wflux as given by
eq. (6). This is the Poynting’s theorem in electrodynamics in free space.
From the above analysis one finds that the energy flux Wflux can be zero or non-zero
depending on the r dependence of the electric (magnetic) field and depending on whether
the boundary surface term is at the finite distance or the boundary surface term is at the
infinite distance in a physical situation.
This implies that one cannot always neglect the boundary surface term as it depends on
the physical situation.
One can extend the same analysis to QCD. However, in QCD there are further com-
plications. First of all we have not observed quarks and gluons outside the hadron due
to confinement of quarks and gluons inside the hadron. This implies that the quark field
ψˆi(t, r) and the gluon field Aˆ
a
µ(t, r) are not present outside the hadron where i = 1, 2, 3 and
a = 1, ..., 8 are the color indices. As we study QCD in terms of the gluon field Aˆaµ(t, r)
and the quark field ψˆi(t, r) we find that the boundary surface term in QCD can not be at
a distance outside the hadron. Since the size of the hadron is finite this implies that the
boundary surface term in QCD is not at the infinite distance but the boundary surface term
in QCD is at the finite distance which is at the surface of the finite size hadron, see eq. (29).
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As the boundary surface term is at the finite distance, the boundary surface term in QCD
is non-zero irrespective of the form of the r dependence of the gluon field Aˆaµ(t, r) and the
r dependence of the quark field ψˆi(t, r). This is consistent with the fact that the cluster
decomposition property fails in QCD due to confinement.
This is also consistent with the fact that the renormalized coupling constant in pQED
exists at zero momentum transfer which is experimentally measured, see section II but the
renormalized coupling constant in pQCD does not exist at zero momentum transfer due
to confinement of quarks and gluons inside the finite size hadron, see section III. This is
because the zero momentum transfer Q = 0 is equivalent to the infinite distance, which
implies that although the QED can be studied at infinite distance but the QCD can not be
studied at the infinite distance. This means that the boundary surface term in QED can
be at the infinite distance but the boundary surface term in QCD can not be at the infinite
distance. This is in agreement with the fact that the boundary surface term in QCD is at
the finite distance which is at the surface of the finite size hadron.
Hence we find that there is non-zero QCD flux due to confinement of quarks and gluons
inside the finite size hadron. This non-zero QCD flux contributes to the corresponding
conserved quantity in QCD derived by using the Noether’s theorem from the first principle.
The paper is organized as follows. In section II we discuss that the renormalized coupling
constant in perturbative QED exists at zero momentum transfer. In section III we discuss
that the renormalized coupling constant in perturbative QCD does not exist at zero momen-
tum transfer due to confinement of quarks and gluons inside the finite size hadron. In section
IV we discuss that the cluster decomposition property fails in QCD due to confinement. In
section V we show that the unphysical QCD hamiltonian operator cannot predict physical
energy eigenvalue of the hadron. In section VI we show that the hadronic matrix element of
the energy momentum tensor density operator of QCD does not have exponentially falling
e−mpir behavior where mpi is the mass of the pion. In section VII we find that the boundary
surface term in QCD is at finite distance due to confinement of quarks and gluons inside the
finite size hadron. Section VIII contains conclusions.
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II. RENORMALIZED COUPLING CONSTANT IN PERTURBATIVE QED EX-
ISTS AT ZERO MOMENTUM TRANSFER
Using the photon propagator with one loop self energy Π(Q2) one finds that the renor-
malized QED coupling αQED(Q
2) is given by
αQED(Q
2) = α[1 +
α
3π
H(
Q2
m2
)] (7)
where Q2 is the momentum transfer square, α = 1
137.036
is the fine structure constant, m is
the mass of the electron and
H(
Q2
m2
) = 6
∫ 1
0
dy y(1− y) ln[1 +
Q2
m2
y(1− y)]. (8)
Note that since the photons do not directly interact with each other the electron loop
contributes to the one loop self energy of the photon.
Using one loop resumed photon propagator
1 + Π(Q2) + Π2(Q2) + Π3(Q2) + ... =
1
1−Π(Q2)
(9)
one finds that at the one loop level the renormalized QED coupling αQED(Q
2) is given by
αQED(Q
2) =
α
1− α
3pi
H(Q
2
m2
)
. (10)
For Q2 <<< m2 we find from eq. (8)
H(
Q2
m2
) ≃ 6
∫ 1
0
dy y(1− y)
Q2
m2
y(1− y) =
1
5
Q2
m2
, Q2 <<< m2 (11)
and for Q2 >>> m2 we find from eq. (8)
H(
Q2
m2
) ≃ 6
∫ 1
0
dy y(1− y) ln
Q2
m2
= ln
Q2
m2
, Q2 >>> m2. (12)
Using eq. (12) in (10) we find
αQED(Q
2) =
α
1− α
3pi
lnQ
2
m2
, Q2 >>> m2 (13)
which gives
αQED(Q
2
max) =∞, Q
2
max = m
2e
3pi
α = 10274 GeV2. (14)
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Note, however, that for the large value of the QED coupling the pQED is not applicable and
hence the non-perturbative QED is necessary which can make the αQED(Q
2 =∞) finite.
From eqs. (8) and (10) we find
αQED(Q
2 = 0) = α (15)
where α = 1
137.036
is the fine structure constant which is experimentally measured. Hence
we find that the renormalized coupling constant in pQED exists at zero momentum transfer
which is experimentally measured. On the other hand, as we will show in section III, the
renormalized coupling constant in pQCD does not exist at zero momentum transfer due to
confinement of quarks and gluons inside the finite size hadron.
III. RENORMALIZED COUPLING CONSTANT IN PERTURBATIVE QCD
DOES NOT EXIST AT ZERO MOMENTUM TRANSFER DUE TO CONFINE-
MENT OF QUARKS AND GLUONS INSIDE FINITE SIZE HADRON
Unlike QED where the photons do not directly interact with each other the gluons in
QCD interact with each other. Hence there are additional diagrams in QCD in comparison
to QED. In QCD at the one loop level the corrections are from 1) quark-gluon vertex, 2)
quark self energy Σ(Q2) and 3) gluon self energy Π(Q2) which includes quark loop, gluon
loop and ghost loop.
Adding all the one loop diagrams in QCD one finds, similar to eq. (13) in QED, that at
one loop level the renormalized QCD coupling αQCD(Q
2) at large Q2 is given by
αQCD(Q
2) =
αQCD(µ
2)
1 + β0αQCD(µ2)ln
Q2
µ2
(16)
which gives
αQCD(Q
2 = Λ2QCD) =∞, Λ
2
QCD = µ
2e
−
1
β0αQCD(µ
2) (17)
where µ is the renormalization scale and β0 is the beta function in QCD at the one loop
level given by β0 =
33−2Nf
12pi
with Nf being the number of quark flavors [2, 3]. Using Λ
2
QCD
from eq. (17) in (16) we find
αQCD(Q
2) =
1
β0 ln
Q2
Λ2
QCD
(18)
5
where ΛQCD is the mass scale in pQCD which is experimentally extracted to be around 200
MeV.
From eq. (18) one finds that the QCD coupling increases as Q2 decreases and becomes
infinity at Q2 = Λ2QCD. Although the pQCD (and in particular the eq. (18)) is not applicable
for large value of the coupling constant but still the eq. (18) hints that the coupling constant
in pQCD does not exist at the zero momentum transfer Q = 0 whereas the coupling constant
exists in pQED at zero momentum transfer Q = 0 (see eq. (15)). This is because the smallest
value of Q in eq. (18) is ΛQCD which is around 200 MeV which means Q = 0 is not reached
in eq. (18). This is consistent with the fact that there is confinement in QCD but there is
no confinement in QED.
This is also consistent with the fact that the virtual photon at zero momentum transfer
Q = 0 can interact with the electron but the virtual photon at zero momentum transfer
Q = 0 in the deep inelastic scattering (DIS) cannot interact with the quark. This is because
the quark is confined inside the hadron which has a finite size, say R. Hence the virtual
photon has to have Q2 ≥ 1
R2
in order for the virtual photon to interact with the quark
inside the hadron. This agrees with the fact that for zero momentum transfer Q = 0 the
coupling constant in QCD does not exist whereas for zero momentum transfer Q = 0 the
coupling constant in QED exists. It is useful to mention here that for Q2 ≥ 1
R2
the pQCD
is applicable for very large value of Q2 (say for Q > 5 GeV) and the non-perturbative QCD
is applicable for small value of Q2 (say for Q ∼ 1-5 GeV).
The zero momentum transfer Q = 0 is equivalent to the infinite distance. This implies
that although the QED can be studied at infinite distance but the QCD can not be studied
at the infinite distance. This means that the boundary surface term in QED can be at the
infinite distance but the boundary surface term in QCD can not be at the infinite distance.
This is in agreement with the fact that the boundary surface term in QCD is at the finite
distance which is at the surface of the finite size hadron.
IV. CLUSTER DECOMPOSITION PROPERTY FAILS IN QCD DUE TO CON-
FINEMENT
The cluster decomposition property is proved in abelian quantum field theory. However,
the cluster decomposition property in QCD is not studied yet. This is because in order to
6
study cluster decomposition property in QCD one has to use non-perturbative QCD because
at large distances the pQCD is not applicable. Since the non-perturbative QCD is not solved
yet [4, 5] one finds that the cluster decomposition property in QCD is not studied yet.
Note that although the cluster decomposition property in QCD is not studied yet, there
are physical arguments that the cluster decomposition property fails in QCD due to con-
finement, see for example [6–8]. In the following we give another argument to show why the
cluster decomposition property fails in QCD.
We know that the QCD fields are quark field ψˆi(x) and the gluon field Aˆ
a
µ(x). We also
know that we have not observed quarks and gluons outside the hadron. The quarks and
gluons are confined inside the hadron. The size of the hadron is not infinite but the size of
the hadron is finite. Since the hadron has finite size one finds that the quark field ψˆi(x) and
the gluon field Aˆaµ(x) do not exist for x larger than the size of the hadron, see eq. (29).
This implies that if one wants to study the cluster decomposition property in QCD using
the quark field ψˆi(x) and the gluon field Aˆ
a
µ(x) in QCD then it has to be studied by using
the non-perturbative QCD only for x less than the size of the hadron because the quark field
ψˆi(x) and the gluon field Aˆ
a
µ(x) do not exist for x larger than the size of the hadron, see
eq. (29). Hence the analysis of the cluster decomposition property in the abelian quantum
field theory case at the large distance x→∞ can not be applied to QCD because the quark
field ψˆi(x) and the gluon field Aˆ
a
µ(x) do not exist for x larger than the size of the hadron
due to the confinement of quarks and gluons inside the finite size hadron. This implies that,
unlike abelian quantum field theory, the hadronic matrix element of the energy-momentum
tensor density operator of QCD does not have exponentially falling e−mpir behavior at large
distance r →∞ where mpi is the mass of the pion, see VI for details.
V. UNPHYSICAL QCD HAMILTONIAN OPERATOR CANNOT PREDICT
PHYSICAL ENERGY EIGENVALUE OF THE HADRON
Since we have not directly experimentally observed quarks and gluons we find that the
QCD hamiltonian HQCD is unphysical. As mentioned earlier the non-perturbative QCD is
not solved yet analytically. Due to this reason one uses numerical lattice QCD method to
evaluate the full path integration in QCD. Since the lattice QCD does the path integration
of the quark and gluon fields (but not of the hadron field) the lattice QCD calculates the
7
vacuum expectation value of the non-perturbative correlation function of the quark and
gluon fields in QCD (but cannot calculate the hadronic observable). In order to convert
the vacuum expectation of this non-perturbative partonic correlation function to hadronic
observable the lattice QCD inserts the complete set of hadron momentum eigenstates
∑
P
|P >< P | = 1 (19)
in between partonic operators using the equation [9]
HQCD|P >= EH |P > (20)
where EH is the energy eigenvalue of the hadron. Note that since |P > is the momentum
eigenstate of the hadron the momentum eigenstate |P > is physical. Similarly since EH is
the energy of the hadron the energy EH is physical. However, as mentioned above, since the
QCD hamiltonian HQCD is the hamiltonian of the quarks and gluons (not of the physical
hadron) the QCD hamiltonian HQCD is unphysical even if the QCD hamiltonian HQCD is
gauge invariant and color singlet. Note that the hadron momentum eigenstate |P > in this
paper is normalized to unity.
Hence one finds that the eq. (20) is not correct because the left hand side of eq. (20) is
unphysical but the right hand side of eq. (20) is physical. In eq. (20) the QCD hamiltonian
HQCD includes all the quarks plus antiquarks plus gluons inside the hadron. Recently we
have shown that the total energy EQCD(t) of quarks plus antiquarks plus gluons inside the
hadron is given by [9]
EQCD(t) =< P |
∫
d3rTˆ 00(t, r)|P >=< P |HQCD|P > 6= EH . (21)
The inequality in the right hand side of eq. (21) is due to the non-zero energy flux Eflux(t)
in QCD which arises due to the non-vanishing boundary surface term in QCD because of
confinement of quarks and gluons inside the finite size hadron. In eq. (21) the Tˆ 00(t, r) is
the 00 component of the energy-momentum tensor density operator Tˆ λδ(x) in QCD given
by
Tˆ λδQCD(x) =
∑
q
i
2
ˆ¯ˆ
ψl(x)[γ
λ(δlj
−→
∂
δ
− igT cljAˆ
δc(x))− γλ(δlj
←−
∂
δ
+ igT cljAˆ
δc(x))]
ˆˆ
ψj(x)
+
∑
g
Fˆ λσa(x)Fˆ δaσ (x) +
∑
g
1
4
gλδFˆ aµσ(x)Fˆ
µσa(x) + (antiquarks) (22)
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where
ˆˆ
ψi(x) is the quark field operator, Aˆ
a
µ(x) is the (quantum) gluon field operator and
Fˆ cµσ(x) = ∂µAˆ
c
σ(x)− ∂σAˆ
c
µ(x) + gf
cdbAˆdµ(x)Aˆ
b
σ(x). (23)
In eq. (22) the QCD energy-momentum tensor density operator Tˆ λδQCD(x) includes all the
quarks plus antiquarks plus gluons inside the hadron where the term (antiquarks) means
the expression for the antiquarks similar to the expression in the first term for the quarks.
From eq. (21) we find
HQCD|P > 6= EH |P > (24)
which does not agree with eq. (20).
Hence we find that it is not possible to extract the properties of hadron by inserting
the complete set of hadron states
∑
P |P >< P | = 1 in between partonic operators in the
vacuum expectation of the non-perturbative correlation function of the quark and gluon
fields in QCD.
The eq. (24) will be used in section VI to show that the hadronic matrix element of
the energy-momentum tensor density operator of QCD does not have exponentially falling
behavior e−mpir where mpi is the mass of the pion.
VI. HADRONIC MATRIX ELEMENT OF THE ENERGY-MOMENTUM TEN-
SOR DENSITY OPERATOR OF QCD DOES NOT HAVE EXPONENTIALLY
FALLING e−mpir BEHAVIOR
Let us consider the momentum conservation equation of partons inside the hadron from
the Noether’s theorem in QCD given by [10]
d
dt
< P |pˆµ|P >=
∂
∂t
< P |
∫
d3xTˆ
0µ
QCD(t, ~x)|P >= −
∫
d3x
∂
∂xi
< P |Tˆ iµQCD(t, ~x)|P > (25)
where pˆµ is the momentum operator of all the quarks plus antiquarks plus gluons inside the
hadron. From eq. (25) we find that the momentum density operator Pˆµ(x) of the partons
inside the hadron is defined as
Pˆµ(x) = Tˆ 0µQCD(x) (26)
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which by using eq. (22) gives
Pˆµ(x) =
∑
q
i
2
ˆ¯ˆ
ψl(x)[γ
0(δlj
−→
∂
µ
− igT cljAˆ
µc(x))− γ0(δlj
←−
∂
µ
+ igT cljAˆ
µc(x))]
ˆˆ
ψj(x)
+
∑
g
Fˆ 0σa(x)Fˆ µaσ (x) +
∑
g
1
4
g0µFˆ aνσ(x)Fˆ
νσa(x) + (antiquarks). (27)
Since the gluon field Aˆaµ(x) and the quark field ψˆi(x) do not exist outside the hadron due
to the confinement of quarks and gluons inside the finite size hadron one finds that the
momentum density operator Pˆµ(x) of the partons inside the hadron exists only inside the
hadron. Since the momentum density operator Pˆµ(x) of the partons inside the hadron exits
only inside the hadron the momentum pˆµ of the partons inside the hadron is obtained by
integrating over the volume of the hadron
pˆµ =
∫
V
d3xPˆµ(t, ~x) (28)
where V is the volume of the hadron. Hence we find from eqs. (28) and (27) that the volume
integral in eq. (25) is given by
∫
d3x = V, V = Finite Volume of Hadron (29)
where V is the volume of the finite size hadron.
This is consistent with section IV where we showed that the volume of integration
∫
d3x
in eq. (25) can not extend beyond the size of the hadron because in the Tˆ µνQCD(x) [see eq.
(22)] the quark field ψˆi(x) and the gluon field Aˆ
a
µ(x) do not exist outside the hadron due to
the confinement of quarks and gluons inside the finite size hadron.
Also as shown in section IV since the cluster decomposition property fails in QCD due to
confinement of quarks and gluons inside the finite size hadron one finds that the hadronic
matrix element < P |Tˆ iµQCD(t, r)|P > of the QCD energy-momentum density operator does
not have an exponentially falling behavior e−mr where m is the lowest relevant mass in the
spectrum of the QCD hamiltonian HQCD.
Note that although the lowest mass in the hadronic spectrum is the pion but the lowest
relevant mass m in the spectrum of the QCD hamiltonian HQCD can not be equal to the
pion mass mpi because of eq. (24). This implies that
e−mr 6= e−mpir. (30)
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Hence we find that the hadronic matrix element < P |Tˆ iµQCD(t, r)|P > of the energy-
momentum tensor density operator of QCD does not have exponentially falling e−mpir be-
havior where mpi is the mass of the pion.
VII. BOUNDARY SURFACE TERM IN QCD IS AT FINITE DISTANCE DUE TO
CONFINEMENT OF QUARKS AND GLUONS INSIDE FINITE SIZE HADRON
To show that the surface term vanishes, one may appeal to the cluster decomposition
property in abelian quantum field theory to show that at asymptotically large distance r
the < P |Tˆ iµQCD(t, r)|P > has an exponential decay behavior. One may further argue that
this decay is at most of order e−mr times a power of r (similar to the cluster decomposition
property of abelian quantum field theory) using m as the lowest relevant mass in the spec-
trum of the QCD Hamiltonian HQCD by assuming that the cluster decomposition property
of abelian quantum field theory is valid for QCD. Then one may argue that the lowest mass
particle in QCD is pion to claim that the asymptotic behavior of the hadronic matrix el-
ement < P |Tˆ iµQCD(t, r)|P > of the energy momentum tensor density operator Tˆ
iµ
QCD(t, r) of
QCD has an exponentially falling e−mpir behavior which vanishes as r → ∞. In this way
one may claim that the boundary surface term in QCD vanishes. This argument, however,
is not correct which we will show below.
First of all the lowest mass in QCD is not pion but the lowest mass particle in QCD
is the up quark. The pion is the lowest mass particle in the hadron spectrum. Hence one
should not assume that the mass m in e−mr is m = mpi because, as shown in sections V and
VI, the QCD hamiltonian HQCD is unphysical and hence the unphysical QCD hamiltonian
HQCD operating on the physical momentum eigenvector |P > of the hadron can not give
the physical energy eigenvalue EH of the hadron as shown in eq. (24). Hence one finds that
e−mr 6= e−mpir, see eq. (30).
Secondly, applying the cluster decomposition property of abelian quantum field theory
to QCD is not correct because, as we have seen in section IV, the cluster decomposition
property fails in QCD due to confinement where, unlike the 1
r
potential in abelian quantum
field theory, the potential in QCD is an increasing function of distance r causing confinement
of quarks and gluons inside the finite size hadron. Hence one can not apply the cluster
decomposition property of the abelian quantum field theory to QCD to prove that the
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< P |Tˆ iµQCD(t, r)|P > of QCD has an exponentially falling e
−mpir behavior to vanish at r →∞.
As mentioned earlier the exact r dependence of the < P |Tˆ iµQCD(t, r)|P > can be calculated
by using the non-perturbative QCD which is not solved yet.
Thirdly, since the quarks and gluons do not exist outside the hadron one finds that the
volume integral in any QCD calculation of the hadron involving the quark field ψˆi(x) and
the gluon field Aˆaµ(x) can not have a volume larger than the volume of the hadron. Since
the volume integration can not be larger than the volume of the hadron one finds that the
boundary surface term in any QCD calculation of the hadron involving the quark field ψˆi(x)
and the gluon field Aˆaµ(x) is at the surface of the finite size hadron.
This implies that due to the confinement of quarks and gluons inside the finite size hadron
the boundary surface term in QCD is at the finite distance which is at the surface of the
finite size hadron, see eq. (29).
Since the boundary surface is at the finite distance one finds that the boundary surface
term in QCD is non-zero irrespective of the form of the x dependence of the gluon field
Aˆaµ(x) and the quark field ψˆi(x).
VIII. CONCLUSIONS
In this paper we have shown that since we have not observed quarks and gluons outside
the hadron due to the confinement of quarks and gluons inside the hadron, the boundary
surface term in QCD is at the finite distance which is at the surface of the finite size hadron.
Since the boundary surface is at the finite distance we have found that the boundary surface
term in QCD is non-zero irrespective of the form of the r dependence of the gluon field
Aˆaµ(t, r) and the r dependence of the quark field ψˆi(t, r) where a = 1, ..., 8 and i = 1, 2, 3
are the color indices. We have shown that this is consistent with the fact that the cluster
decomposition property fails in QCD due to confinement.
The boundary surface term at the finite distance due to the confinement of quarks and
gluons inside the finite size hadron also plays an important role to study the hadron pro-
duction from the quark-gluon plasma at RHIC and LHC [11–15].
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